Backgroud: The present study aimed to investigate the association between immune cells and gestational diabetes mellitus (GDM) and identify a reasonable predictor of insulin resistance in women with GDM.
INTRODUCTION
Gestational Diabetes Mellitus (GDM) is regarded as a pregnancy complication that is characterized by hyperglycemia. Due to differences in geographic regions, ethnic groups, and diagnostic criteria, the incidence of GDM varies greatly from 0.6-15% [1] . The risk factors for GDM include a high pre-gestational Body Mass Index (BMI), a sedentary lifestyle, older age during pregnancy, and heredity [2] . GDM threatens the health of pregnant women and their offspring. Pregnant women who present GDM are prone to hypertension, pre-eclampsia, preterm delivery and Type 2 Diabetes Mellitus (T2DM) after delivery [3] . In addition, the risk of pregnant women with GDM suffering from the cardiovascular disease is much higher than that of non-diabetic women. On the other hand, due to hyperglycemiea, the incidence of macrosomia and the consequent neonatal injury and the rate of cesarean section become higher. The fetus is at a high risk of hypoglycemia, pulmonary hypoplasia, and neonatal respiratory distress syndrome. Furthermore, it enhances the risk of *Address correspondence to this author at the Department of Obstetrics and Gynecology, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, No. 100, Haining Road, Shanghai 200080, China; Tel: +86-21-63240090-3071; E-mail: yinyan.he@shgh.cn having offspring who suffer from T2DM. Accordingly, several studies have shown that GDM is an early phase of T2DM and some groups even regard GDM as T2DM during the period of pregnancy [4] . However, little is known about the etiology of GDM, which has been a widely discussed topic since a prolonged duration. During the earlier months of pregnancy, the fasting blood glucose is usually low. With the increase of gestational age, the level of insulin resistance grows higher as a result of hormones produced by placenta [5] . Some people even suffer from the dysfunction of β-cells in pancreatic island. Although the exact pathogenesis of GDM is unclear presently, it has been established that GDM results from insulin resistance and a progressive β-cell dysfunction [6] .
Rencently, several pieces of evidence suggest that chronic low-grade inflammation is a major factor in the etiology of insulin resistance, and immune system disorders play a key role during the development of inflammation. Tcells, B-cells, macrophages, and eosinophils are involved in abnormal immune regulation [7] . Much attention has been paid on the role of T lymphocytes and macrophages in immune regulation of insulin resistance. Studies have demonstrated that some CD8+ and CD4+ T cells can infiltrate inflamed visceral adipose tissue (VAT) and activate M1 macrophages, resulting in the production of a series of cytokines, such as TNF-αand IL-6,which contribute to both local and systemic insulin resistance [8, 9] .
In fact, apart from T cells and macrophages, B lymphocytes also take an important part in many chronic inflammatory and autoimmune diseases. Previous studies have suggested that B-cells infiltrate the visceral adipose tissue (VAT) before T-cells and regulate insulin resistance, together with neutrophils, granulocytes, and M1 macrophages. In mice fed high-fat diet, elevated B-cells and group transformation were detected, which are critical signs of the activation of an immune reaction [10] . The adaptive immune reaction involving B-cells regulates the development of obesity and insulin resistance. B-cells affect the activities of Tcells and the level of insulin resistance not only via the modulation of cytokines, including IL-6, IL-10, and leptin but also through the production of antibodies [11] .
The production of antibodies is the fundamental function of B lymphocytes. The antibodies produced by B-cells promote the formation and development of inflammatory diseases, such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) [11] . Furthermore, several studies demonstrated that obesity and hyperglycemia could directly affect the production of antibodies and group transformation. The production of antibodies modulates the level of insulin resistance and vice versa [12] . Some studies suggested that IgG antibody levels in obese mice are much higher than those in lean mice. These IgG antibodies might regulate the obesity-related insulin resistance by modulating the function of macrophages in VAT [10, 13] .
Hitherto, a majority of the data describing the impact of immune cells on the regulation of insulin resistance have been obtained from animal experiments. Only a few reports have stated the role of immune cells in the modulation of insulin resistance in human organs and tissue. Herein, we selected the cells from the blood of pregnant women with and without GDM by flow cytometry and analyzed the data. A significant difference in the percentage of B-cells was observed between women with GDM and normal controls. Among the antibodies produced by B-cells, only IgA differed between the two groups. Pearson's correlation analysis demonstrated that the percentage of B-cells was positively correlated with the level of insulin resistance. Receiver operating characteristic (ROC) curve analysis suggested that a cutoff point of 14.05% for B cells could accurately and sensitively distinguish the biochemical indicators of women with GDM from those with normal glucose tolerance. In summary, the percentage of B lymphocytes was positively associated with insulin resistance, and this value might serve as a reasonable predictor of insulin resistance in pregnant women with GDM. Our elementary study has disclosed the correlation between the percentage of B lymphocytes and GDM, thus laid the ground work for the further research on the immunological pathogenesis involving B lymphocytes, which is believed to be meaningful in reducing adverse pregnancy outcomes and promoting the health of both pregant women and their offspring.
MATERIAL AND METHODS

Object
A total of 124 pregnant women with GDM and 168 nondiabetic pregnant women from the Department of Obstetrics, Shanghai General Hospital, were randomly enrolled in the current study from January to March 2016. The diagnositic criteria of IADPSG (International Association of Diabetes and Pregnancy Study Group) was used in our study. The cutoff values of 75g oral glucose tolerance test was 5.1mmol/l for fasting plasma glucose, 10.0mmol/l for 1h plasma glucose and 8.5mmol/l for 2h plasma glucose. And the patients with PGDM (pregestational diabetes mellitus) were excluded from this study, including women who have been diagnosed with DM (T1DMor T2DM) before pregnancy or whose FPG (fasting plasma glucose )≥7.0mmol/l or 2h PBG (2-hour postprandial blood glucose)≥11.1mmol/l or RBG (random blood glucose)≥11.1mmol/l or HbA1c (glycated hemoglobin) ≥6.5% during pregnancy.
Blood Test Indicators
All blood tests were performed by trained practitioners in a clinical laboratory at the Shanghai General Hospital. After the participants had fasted for 8 h, venous blood was withdrawn, and indicators including white blood cells, blood platelets, triglycerides, sterol, HbA1c, glycated albumin (GA), and lactate dehydrogenase (LDH) were evaluated.
Flow Cytometry for In vitro Diagnosis (IVD)
For Lymphocytes Subsets
A 50 µL aliquot of whole blood was collected in each of the two tubes: one for T-cell and the other for B-and NKcells, followed by the addition of 20 µL four-color reagent CD3-FITC/CD8-PE/CD45-PerCP/CD4-APC (2014060100 for IVD, Mindray Bio-Medical Electronics Co. Ltd., Shenzhen, China) to the T-cells and 20 µL CD3-FITC/ CD16+56-PE/CD45-PerCP/CD19-APC (2014060121 for IVD, Mindray) to B-and NK-cells. The antibodies and the whole blood were incubated for 15 min in the dark, with gentle agitation at room temperature, followed by addition of 450 µL 1× Hemolysins (M-30PCFL, Mindray) to both tubes and incubated for 5 min at room temperature with the soft vortex. Finally, these tubes were placed on a Bricyte E6 (Mindray) after calibration by Sphero TM Supra Rainbow Midrange Fluorescent Particles (Spherotec, No. SRCP-35-2A, USA). Figures and analyses were performed using the FACSDIVA 6.1 software (BD Bioscience, San Joes, CA, USA) [14, 15] .
For Immunoglobulin Detection
Immunoglobulins (IgG, IgE, IgA, and IgM) were detected by the Immunoglobulin Quantification Kit (Mindray China) according to the manufacturer's instructions using SAL 8000 equipment (Mindray) [16] .
Statistical Analysis
Data were analyzed using SPSS 20.0. A two-sided test with p<0.05 was considered as statistically significant. The differences between the GDM and non-GDM groups were calculated using a chi-squared test. Pearson's correlation analysis revealed the correlations between the percentage of B lymphocytes and the biochemical measurements. The cut-off point for the percentage of B cells, based on insulin resistance, was estimated by the ROC curve. In the present study, we evaluated the level of insulin resistance using the homeostatic model assessment (HOMA-IR). The following equation was used to calculate the insulin resistance: HOMA-IR= [insulin (mU/L)] × [fasting plasma glucose (FPG) (mmol/L)]/22.5. The homeostatic model assessment of insulin sensitivity (HOMA-IS) was calculated to determine the function of β-cells based on the following equation: HOMA-IS=1/HOMA-IR.
RESULTS
Percentage of B Lymphocytes in the GDM Group was Higher than that in the Non-GDM Group
The PBMCs primarily included lymphocytes (T-cells, Bcells, and NK cells), monocytes, and dendritic cells. Moreover, lymphocytes constituted 70-90% of PBMCs and the frequencies of cell types within the lymphocyte population were as follows: 70-85% CD3+ T-cells (45-70% of PBMCs), 5-20% B-cells (up to 15% of PBMCs), and 5-20% NK cells (up to 15% of PBMCs). Using flow cytometry, we detected CD3+ T-cells, CD3-CD19+ B-cells, and CD3-CD16+CD56 NK cells in PBMCs in both GDM and non-GDM groups.
As shown in Fig. (1) , the percentage of B-cells was significantly higher in the GDM group than that in the non-GDM group (13.52±0.36% vs. 10.54±0.42%, p<0.0001) and the percentage of NK cells was significantly lower (2.06±0.05% vs. 2.54±0.06%, p<0.0001). However, no differences were observed in the abundance of CD3+ T between the GDM and non-GDM groups (74.11±0.87% vs. 75.43%±0.42, p=0.13) ( Fig. 1) . The biochemical measurements and composition of blood cells were compared between the GDM and non-GDM groups, and the percentage of B lymphocytes in the GDM group was significantly higher than that in the non-GDM group ( Table 1) .
Level of IgA Antibodies Produced by B-cells in the GDM Group was Higher than that in the Non-GDM Group
As shown in Table 1 , the clinical data indicated that the percentage of B cells in the GDM group was higher than that in the non-GDM group. Previous studies have shown that Bcells promote insulin resistance via modulation of other lymphocytes and the production of pathogenic antibodies. To further explore the differences and roles of B-cells in the two groups, we detected the level of immunoglobulins, such as IgG, IgE, IgA, and IgM, produced by B-cells; only the level of IgA differed between the two groups. The level of IgA was higher in the blood of the GDM group than that in the non-GDM group (Fig. 2) .
B-cells and IgA were Independent Predictors of GDM
Since the B-cells and NK percentages, as well as the levels of IgA, differed between the GDM and non-GDM groups, we sought to determine whether the B-cell percentage and the IgA level could predict GDM by binary logistic Fig. (1) . The percentage of CD19+ B cells and NK cells in peripheral blood are different in GDM women and normal pregnant women. The percentage of T cells, B cells and the LN-transferring of the percentage of NK cells fitted normal standard distribution. The differences between Normal and GDM were analyzed by unpaired t test (a). There is no difference of the percentage of CD3+ T cells between GDM and normal pregnant women. & p=0.13 (b). The percentage of CD19+ B cells is higher in GDM than that in normal pregnant women. * p<0.05 (c). The percentage of LN NK cells is lower in GDM than that in normal pregnant women. *p<0.0001.
regression. Thus, we found that the B-cell percentage [OR=2.30, 95% confidence interval (CI): 1.42-3.71] and the IgA level (OR=0.02, 95% CI: 0.00-0.22) were independent predictors or risk factors of GDM ( Table 2) . Also, NK cells were another predictors or risk factors for GDM.
Next, we performed a ROC curve analysis to determine an optimal cutoff point to distinguish the characteristics of Fig. (2) . The level of IgA in peripheral blood in GDM is higher than that in normal pregnant women. For analyzation, these data were transformed into their natural logarithmic form (IgE, IgM and IgG) or common logarithmic form (IgA). GDM from the non-GDM group. In the ROC analysis, the area under the curve (AUC) was 0.76 (95% CI: 0.69-0.83).
In this study cohort, a cutoff value of 14.05% achieved a 58% sensitivity and 91% specificity, which suggested that the B-cell percentage could be a useful tool for GDM diagnosis ( Fig. 3) . Fig. (3) . ROC analysis showing the percentage of B lymphocytes =14.05% as an optimal cutoff point for insulin resistance in women with GDM.
Percentage of B-cells was Positively Correlated with Insulin Resistance
HOMA is a method for assessing β-cell function, insulin resistance, and insulin sensitivity (IS) from basal (fasting) glucose and insulin or C-peptide concentrations. Pearson's correlation analysis of B lymphocytes based on HOMA-IR, HOMA-IS, fasting insulin, triglyceride, and sterol values revealed that the percentage of B-cells was positively related to HOMA-IR, and the levels of fasting insulin, HbA1c, GA, and triglycerides but negatively correlated with HOMA-IS and sterol levels ( Table 3 , Fig. 4 ).
Optimal Cutoff Point for the Percentage of B Lymphocytes Based on Insulin Resistance was 14.05%
Since the percentage of B-cells was positively correlated with insulin resistance, we used the ROC curve to define the optimal cutoff point for the percentage of B lymphocytes. The optimal cutoff value of the B-cell percentage was 14.05% (Fig. 3) , which could be utilized to specifically and sensitively group the clinical and biochemical indicators, including the fasting insulin level, HbA1c, GA, insulin resistance, the function of insulin, and neonatal weight in the GDM group ( Table  4) . The B-cell-low and -high groups within the GDM group included 58 (46.78%) and 66 (53.22%) patients, respectively. To evaluate the relevance of B-cells to GDM-related characteristics, we assessed the differences in the baseline characteristics of the patients, based on different B-cell categories. Significant differences were observed between the B-cell-low and -high groups were with respect to the following continuous variables: fasting insulin (p=0.019), HbA1c% (p=0.024), GA% (p=0.024), HOMA-IR (p=0.036), HOMA-IS (p=0.022), and neonatal weight (p=0.045) ( Table 4 ).
DISCUSSION
GDM is a common metabolic disorder that occurs during pregnancy due to which, pregnant women and their offspring experience adverse effects [17] [18] [19] . Hence, GDM has attracted increasing attention. Although the cause of this disorder is not yet well understood, the onset of GDM is known to be associated with insulin resistance and β-cell dysfunction. Nonetheless, physiological pregnancy is a process of development of insulin resistance [20] . From the gestational age of 12 weeks, the level of insulin resistance increases gradually, until full-term, when insulin resistance closely resembles T2DM. To balance the abnormal insulin secretion resulting from insulin resistance, β-cells produce an increased level of insulin to maintain the blood glucose at a stable level during pregnancy. However, in GDM pregnancies, the high level of insulin resistance, decreased the sensitivity of insulin, and impairment of β-cell secretion highly increase the level of blood glucose [2, 21] . Fig. (4) . The percentage of B lymphocytes is positively correlated with insulin resistance and fasting insulin level but negatively correlated with the function of β cells of pancreatic islets. Immune dysfunction is speculated to play a critical role in insulin resistance and β-cell impairment. Several studies have demonstrated that T lymphocytes could infiltrate into the VAT and produce a series of pro-inflammatory cytokines, leading to the formation and development of insulin resistance. In animal experiments, IFN-γ in obese mice stimulated the production of CD8+ T-and Th1 CD4+ Tcells. Both cell types infiltrated into the VAT and overcame the anti-inflammatory effects of Th2 and Treg cells in order to trigger the classical pro-inflammatory factors, resulting in the production of cytokines, such as TNF-α, IL-1β, and IL-6, and the development of local insulin resistance. Furthermore, these cytokines could also escape the VAT, enter the peripheral blood circulation, and downregulate the level of insulin in the organs, such as the liver and muscles, eventually leading to systemic insulin resistance [22] [23] [24] . In the current study, our data showed a non-significant difference between normal and GDM patients, indicating that T-cells may not be involved in GDM or the non-significant difference might be limited by the sample number.
ROC Curve
In recent years, the role of B-cells in insulin resistance has gained increasing attention. B-cells modulate insulin resistance differentially. First, B-cells can infiltrate into the VAT and participate in the process of active immunity and phenotype transformation, which regulate the function of Tcells and macrophages [10, 23] . Second, B-cells can induce T-cells to produce pro-inflammatory cytokines such as IFNγ, which enhances the level of insulin resistance [25, 26] . Third, B-cells regulate insulin resistance by producing other types of cytokines. For example, B-cells reduce the production of IL-10, an acknowledged anti-inflammatory cytokine; however, the levels of pro-inflammatory cytokines, such as IL-8 and leptin, are increased to promote resistance [27, 28] . Finally, B-cells not only present antibodies to T-cells and secrete inflammatory cytokines but also produce pathogenic antibodies, which can directly promote insulin resistance [10, 12] .
In this study, we analyzed the biochemical parameters and composition of blood cells of 124 GDM pregnancies and 168 non-diabetic pregnancies at the Department of Obstetrics. The flow cytometry results showed that the percentage of B lymphocytes in the GDM group was significantly higher than that in the non-GDM group. Next, we selected antibodies, such as IgA, IgM, IgG, and IgE, produced by Bcells, and the result demonstrated that only the level of IgA antibodies differed between the two groups. These results led us to examine whether B-cell-related immune reactions are involved in the pathogenesis of GDM and whether B cells participate in the process of insulin resistance and the impairment of β-cells. Furthermore, Pearson's correlation analysis demonstrated the relationship between the percentage of B-cells and the level of insulin resistance as well as other biochemical indicators. Consequently, the B-cell percentage was positively correlated with insulin resistance, indicating it as an adequate predictor of insulin resistance. Hence, we used ROC curve analysis to determine that the optimal cutoff point for the B-cell percentage, based on insulin resistance, was 14.05%.
The current study was the first report described the correlation between B lymphocytes and insulin resistance in GDM patients. The determination of the percentage of Bcells as a predictor of insulin resistance would provide a basis for the future study on the pathogenesis of GDM. Although the etiology of GDM is complicated, we deduced that the NK percentage was significantly different between normal and GDM patients, and it was also an independent risk factor for GDM, which suggested that NK cells play a critical role in GDM.
Additional issues will be addressed by future research, including the mechanism underlying B-cells-modulated insulin resistance in GDM, the antigens of antibodies produced by B-cells in the regulation of insulin resistance, and the role of obesity in B-cell-related immune activity in GDM.
CONCLUSION
Our study demonstrated that the percentage of B lymphocytes is positively related to fasting plasma glucose, fasting insulin, HbA1c and insulin resistance, but negatively correlated with the function of βcells in pancreatic islets. What we've found indicated B lymphocytes might be a good predictor of GDM. The mechanism of how B cells modulate the insulin resistance of GDM requires further investigation.
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study was approved by the Ethics Committee of Shanghai Jiao Tong University School of Medicine, Shanghai, China (Predictive value study of the percentage of B lymphocytes for insulin resistance in gestational diabetes mellitus, 2018KY240).
HUMAN AND ANIMAL RIGHTS
No animals were used in this study. The research was performed in human in accordance with the standard set forth in the Declaration of Helsinki principle of 1975, as revised in 2008 (http://www.wma.net/en/20activities/10ethics/ 10helsinki/.
CONSENT FOR PUBLICATON
A written informed consent was obtained from all patients prior to the publication of the study.
